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SEMICONDUCTOR MEMORY DEVICE 



What Is Claimed Is: 

1. A semiconductor memory device with sync oscillation 
circuitry and memory circuitry integrated on the same 
semiconductor chip, wherein said sync oscillation circuitry 
produces a wavelength that is an even multiple of an external 
control signal, synchronized with that signal, and wherein said 
memory circuitry controls at least one of either data reading or 
writing operations by synchronizing with the output signal from 
said sync oscillation circuitry. 

2. The semiconductor memory device according to Claim 1, 
wherein logical arithmetic circuitry is provided on the chip 
that is equipped with said sync oscillation circuitry and memory 
circuitry, with said logical arithmetic circuitry performing 
logical arithmetic operations on data read from said memory 
circuitry synchronized with the output signal from said sync 
oscillation circuitry. 

3. The semiconductor memory device according to Claim 1, 
wherein said memory circuitry consists of dynamic-type memory 
with multiple integrated single-transistor/single-capacitor 
memory cells. 

4. The semiconductor memory device according to Claim 1, 
wherein said memory circuitry continuously performs at least one 
of either data reading or writing operations by synchronizing 
with the output signal from said sync oscillation circuitry. 

BACKGROUND OF THE INVENTION 
PURPOSE 
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1. Field of the Invention 

This invention pertains to a semiconductor memory device. 
In particular, it pertains to semiconductor memory device with 
improvements to the memory circuit input and output means. 

2. Description of the Related Art 

The capacity of MOS-type semiconductor integrated circuits, 
especially that of dynamic RAM (dRAM) has been quadrupling every 
three years. Recently lM-bit dRAM has gone into commercial use, 
and the 198 6 ISSCC featured a number of papers on 4M-bit dRAM. 
These products are likely to be on the market soon. 

As dRAM capacity increases, there are increasing 
developments more advanced functionality, including multi-bit 
I/O and diversification of operating modes. In particular, 
operating modes such as page mode, nibble mode and static column 
mode are enabling access at speeds that rival static RAM, since 
they are able to carry out read and write operations on data 
from multiple memory cells connected to selected word lines. 
These operating modes make it possible to serially input and 
output data, which greatly increases computer performance as a 
result, while also contributing to image quality enhancement in 
image memory applications. 

Typically, cache memory is placed between the computer's 
main memory device and the central processing unit (CPU) in 
order to increase the operating speed of data exchange, which is 
often performed in fixed-length data block units. In addition, 
in order to increase memory throughput, an "interleaved" system 
configuration is applied in memory card groups that comprise the 
main memory device are divided into multiple banks with 
continuous addressing assigned to carry out parallel processing. 
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This configuration is designed to shorten average memory cycling 
time . 

If the same sort of thing can be done within a chip, it 
would be possible to perform continuous serial access at high 
speeds. In other words, if the initial first bit takes row 
address A R produced by RAS and then takes column address AC with 
timing from CAS, as shown in Fig. 6, then it is possible to 
write or read data at the specified address and then to write or 
read the data again synchronized with the CAS toggle signal 
without specifying an address. 

However, the following problem arises when attempting to 
further accelerate operation. When an external control signal is 
applied to chip internal circuitry (memory circuitry) , as shown 
in Fig. 7, the external control signal is input into pad 71 and 
then input into the memory circuitry via input holding circuit 
72, which includes a time constant CR. As a result, CAS and 
other external control signals input into the memory circuitry 
are delayed by the time constant CR in input holding circuit 72. 
Consequently, after passing through input holding circuit 72, 
the waveform deteriorates, and those that had an amplitude of 5V 
shrink to under IV, even when an input signal is input with a 
sudden rise property or with high wavelength. As a result, the 
internal circuitry ceases to respond. 

Said CR time constant t is typically set to around 3 nsec, 
with R = 3KQ and C = lpF. When the input frequency rises above 
100 MHz, this corresponds to 1/3 or more of the 10 nsec cycle. 
In response to such a high frequency CAS signal, the amplitude 
of the effective CAS input signal applied to the internal 
circuitry declines as described above, and the system ceases to 
operate normally. If the input holding circuit time constant 
were reduced, the system could respond to higher frequencies, 
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but the time constant cannot be reduced because it would raise 
the static electric resistance on the input pins. 

SUMMARY OF THE INVENTION 

In the past, when RAS, CAS or other external control 
signals were set to high frequencies in order to perform high- 
speed dRAM serial access, the CR time constant in the input 
holding circuit caused the waveform to deteriorate, and the 
internal circuitry ceased responding as a result, which is a 
problem. Thus, the input holding circuit CR time constant 
imposed a limit on high-speed serial access, which made it 
difficult to achieve sufficient speed increases. 

This invention takes the foregoing circumstances into 
account. Its objective is to provide a semiconductor integrated 
circuit device capable of setting CAS, RAS and other dynamic RAM 
internal control signals to high frequencies irrespective of the 
input holding circuit CR time constant on the chip, and thereby 
to realize high-speed operation. 

COMPOSITION OF THE INVENTION 
MEANS OF SOLVING THE PROBLEM 

The essence of this invention is to perform read and write 
operations on data in memory circuits using a signal, based on 
an external control signal, that is generated within the chip, 
is synchronized with the external control signal, and has a 
frequency that is an even multiple of that of the external 
control signal. 

In other words, it is a semiconductor integrated circuit 
device that integrates sync oscillation circuitry and memory 
circuitry on the same semiconductor chip, with said sync 
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oscillation circuitry generating frequencies of an even number 
multiple of the external control signal, synchronized with said 
external control signal. In addition, the device is designed to 
control at least one or the other of the read and write 
operations performed on data in said memory circuitry 
synchronized with the output signal of said sync oscillation 
circuitry. 

OPERATION OF THE INVENTION 

With this invention, the inclusion of sync oscillation 
circuitry on the chip makes it possible to avoid degradation of 
the waveform in the input module when high-frequency signals are 
input from outside. As a result, it is possible to easily apply 
high-frequency signals to the memory circuitry. Moreover, since 
the oscillation circuitry output signals are synchronized with 
the external control signals, there is no problem with mis- 
timing of memory circuitry signals when receiving or sending 
them externally. 

EMBODIMENT OF THE INVENTION 

An embodiment of this invention will be described below in 
reference to detailed drawings. 

Fig. 1 presents an overall configuration diagram showing a 
semiconductor integrated circuit device that is the subject of 
an embodiment of this invention. 11 in the drawing is a sync 
oscillation circuit that generates a signal synchronized with an 
external control signal and having a frequency double that of 
said signal. 12 is a memory circuit that controls date write and 
read operations synchronized with the output signal from this 
circuit 11. These circuits 11 and 12 are formed within the same 
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semiconductor chip 10. RAS is input into memory circuit 12, 
while CAS is input into memory circuit 12 via sync oscillation 
circuit 11. An input holding circuit (not shown) is placed 
between these circuits 11 and 12 and the input pad, as shown in 
said Fig. 7. In addition, memory circuit 12 consists of , ' for 
example, dRAM comprising single-transistor/single capacitor 
memory cells. 

As shown in Fig. 2, sync oscillation circuit 11 comprises 
oscillation circuit 21 and frequency multiple generation circuit 
22. Oscillation circuit 21 returns 2-level inverter output to 
the input side via a condenser. It outputs, for example, a 200 
MHz oscillation frequency signal and supplies it to frequency 
multiple generation circuit 22 as clock <(>. Frequency multiple 
generation circuit 22 inputs output signal § from oscillation 
circuit 21 and a CAS signal (fi) and outputs a signal (2fi) with 
double the frequency. The specific configuration is shown in 
Fig. 3. In other words, it comprises a combination of two D- 
flip-flops (abbreviated as DFF hereinafter) 31 and 32 and an 
inclusive OR gate 33. 

Here, the operation of frequency multiple generation 
circuit 22 will be described in reference to the timing chart in 
Fig. 4. When the CAS or other signal (fi) is input to input 
terminal In of DFF31, clock <|> delays output signal Qi of DFF31, 
while output signal Q 2 of DFF32 delays signal Qi for one cycle of 
clock ((>. Consequently, provided that the frequency of clock § is 
set sufficiently higher than the signal frequency (fi) applied to 
input terminal In, it is possible to obtain an output signal 
(2fi) with double the frequency of the input signal by taking the 
inclusive OR of Qi and Q2 . Similarly, by applying this operation 
for multiple increments, it is possible to obtain a waveform 
with a frequency multiple of 2 n . 
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The operation of this device so configured will be 
explained in reference to the timing chart in Fig. 5. 

Row address A R is obtained based on the RAS drop edge. 
Memory circuit 12 word line selection is performed, after which 
column address A c is obtained based on the CAS drop edge. This 
specifies the start location for serial access. Thereafter, 
internal multiple frequency CAS2 signal is created synchronized 
with CAS toggle by said frequency multiple generation circuit 11 
[sic] . Data sensing and output is performed synchronized with 
the foregoing, and as a result, the output signal is output 
synchronized with double the frequency of CAS. 

Consequently, signal CAS2, which has a frequency double 
that of the CAS that was input to chip 10, is input to memory 
circuit 12, which performs high-speed data reading. In addition, 
in this instance, it becomes possible to activate the chip 
internal components using high-frequency control signals that 
chip 10 could not receive. Moreover, it becomes possible to 
synchronize at low frequency with external sources while 
synchronizing with the frequency operating internally. This 
makes it possible to install an input holding circuit with a 
comparatively large time constant in the external control signal 
input circuitry. Therefore, it becomes possible to synchronize 
internal high-frequency signals with external low-frequency 
control signals while elevating static electric resistance on 
the input pins, thereby enabling high-speed memory access 
operations . 

This invention is not limited to the embodiment described 
heretofore. In the embodiment, only memory data reading 
operations are synchronized with the output signal from the sync 
oscillation circuit. However, it is possible to perform the same 
operation with data writing. In this instance, the chip may be 
equipped with buffer memory to store data to be written as a 
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preliminary stage in high-speed access. In addition, when using 
data written or read at high speed within the chip to perform 
multiplication, addition or other logical arithmetic operations, 
there is no need to synchronize data I/O with the output signal 
of the sync oscillation circuit. Data processing within the chip 
may be completed synchronized with the output signal of the sync 
oscillation circuit, with only the data processing result 
transmitted outside the chip. This makes it possible to achieve 
high-speed operation in which operations run a low speeds 
outside the chip but within the chip synchronized at frequencies 
that are even multiples of the outside signals. In this 
instance, logical arithmetic circuitry may be place on the same 
chip as memory circuitry, etc. 

In addition, a sync oscillation circuit was shown that 
outputs a signal with double the frequency, but this invention 
is not limited to double only. Any even multiple is acceptable. 
Furthermore, the configuration of the sync oscillation circuit 
is not limited to those shown in Fig. 2 and Fig. 3. Appropriate 
changes may be made according to design specifications. 
Similarly, memory circuitry is not limited to single- 
transistor/single- capacitor dRAM. Various types of memory may 
be used. Aside from these, various changes can be implemented so 
long as they fall within the scope of the intent of this 
invention . 

BENEFITS OF THE INVENTION 

As described above, under this invention, a signal is 
generated within the chip synchronized with an external control 
signal and having a frequency that is an even multiple of that 
external control signal, based upon which memory circuit data 
read and write operations are controlled. As a result, it is 
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possible to realize high-speed memory circuit operation 
unrelated to the CR time constant, etc., of the input holding 
circuit on the chip. 

Brief Explanation of Drawings 

Fig. 1 shows an overall configuration of a semiconductor 
integrated circuit device that is the subject of an embodiment 
of this invention. Fig. 2 shows a circuit configuration diagram 
for a specific configuration for the sync oscillation circuit. 
Fig. 3 shows a circuit configuration diagram for a specific 
configuration of the frequency multiple generation circuit. Fig. 
4 shows a timing chart describing the operation of the frequency 
multiple generation circuit. Fig. 5 shows a timing chart 
describing the operation of the device in the embodiment. Fig. 6 
shows a timing chart describing the operation of devices in 
prior art. Fig. 7 shows a circuit configuration diagram 
describing problem issues in prior art. 

10 Semiconductor chip 

11 Frequency multiple generation circuit 

12 Memory circuit 

21 Oscillation circuit 

22 Frequency multiple generation circuit 
31, 32 D-flip-flops 

33 Inclusive OR gate 

Agent for Applicant: Suzue Takehiko 
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Fig. 1 



11 Sync oscillation circuit 

12 Memory circuit 



Fig. 2 



22 Frequency multiple generation circuit 

Fig. 3 
Fig. 4 



Fig. 5 



Fig. 6 
Fig. 7 



Signal applied to internal circuitry 
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